Abstract Antioxidant peptide enriched casein hydrolysate (AO-CH) are receiving increasing attention due to their potential as functional ingredient. Encapsulation of AO-CH using maltodextrin-gum arabic (MD/GA) as wall material could represent an attractive approach to overcome the problems related to their direct application. Encapsulation parameter were optimized using different ratio of core to coat and proportion of coating material (10:0, 8:2, 6:4) under varying pH (2-8) for encapsulation efficiency (EE).The preparation P3 resulted in maximum EE (87%) using core to coat ratio 1:20, at pH 6.0 with 8:2 MD/GA ratio. The encapsulated preparation showed reduced bitterness (p \ 0.05) compared to the casein hydrolysate together with maximum retention of antioxidant activity (93%). Further, the narrow range of particle size, indicates their better stability and represents a promising food additive for incorporation in food.
Introduction
In recent past, there has been a lot of interest in functional foods and nutraceuticals. Bioactive peptides derived from milk proteins offer a new means to promote health. These peptides can be released by enzymatic hydrolysis during gastrointestinal digestion, fermentation or proteolysis by food-grade enzymes derived from microorganisms, animals or plants (Phelan et al. 2009 ). The bioactive peptides range in size from 2 to 20 amino acid residues and exhibit different activities, such as antimicrobial, antioxidant, antithrombotic, antihypertensive, immunomodulatory, opioid, and antiproliferative activities (Meisel and Fitzgerald 2003; Lopez-Exposito et al. 2007 ). The potential of these bioactive peptides to reduce the risk of chronic diseases and to promote human health has aroused increasing scientific and commercial interest over the past decade (Hartmann and Meisel 2007) . Recently, there has been a particular focus on milk protein derived bioactive peptides; as a source of antioxidants.
Antioxidant activity of the bioactive peptides can be attributed to their radical scavenging activity, inhibition of lipid peroxidation and metal ion chelation properties. Antioxidant peptides have characteristic amino acid sequence of usually 5-11 amino acid residue; the most reactive are either sulfur-containing side chains (cysteine and methionine) or aromatic side chains (tryptophan, tyrosine, and phenylalanine) from which hydrogen is easily abstracted. Histidine's imidazole-containing side chain is also oxidatively labile (Power et al. 2012) . Though peptides have excellent potential as antioxidant but its practical use in food systems is hindered due to bitter taste, salty off flavour and problem with respect to the stability during processing and storage (Saha and Hayashi 2001) . Bitterness arises during hydrolysis is due to the presence of low molecular weight peptides composed mainly of hydrophobic amino acids while salty off flavour is due to the pH adjustments using sodium hydroxide (Hernandez-Ledesma et al. 2011) .
In this respect, encapsulation of bioactive peptide enriched preparations may provide an alternative food ingredient to overcome some of the problems related to their direct application in food. Limited studies are available on encapsulation of the casein hydrolysate for masking their bitter taste using different polysaccharides and protein Mendanha et al. 2009; Trindade et al. 2010; Subtil et al. 2012 ) and a few reports on bioactive peptides derived from whey proteins (Ma et al. 2014 ) for stabilization of immunomodulatory peptides. The aim of this work was to investigate the potential of maltodextrin/gum arabic (MD/GA) mixture as wall materials to encapsulate antioxidant peptide enriched casein hydrolysate to provide stability with respect to their antioxidant activity and mask bitterness associated with the peptides for their application in food.
Materials and methods

Materials
The edible grade acid casein sample was supplied by Modern Dairies Limited (Karnal, India). Papain (Carica Papaya, 3U/g protein) was purchased from Sigma-Aldrich Corp.(St. Louis, MO, USA), while Maltodextrin and Gum arabic from Hi-Media (Mumbai, India). Unless noted otherwise, chemicals were of analytical grade.
Preparation of hydrolysates
Fresh solution of acid casein (5% w/v on protein basis) was prepared in distilled water and heated at 85°C for 15 min to inactivate the native proteases. The pH of the protein solution was adjusted to 6.5 and the papain was added corresponding to 1 and 4% enzyme substrate ratio. The reaction mixture was incubated in a shaking water bath (Jeiotech BS-11), set at 65°C and 110 rpm for 240 min. During hydrolysis the pH was maintained at 6.5 by continuous addition of 1 N NaOH. Aliquots of the hydrolysates were collected after 120 and 240 min and the enzyme activity was terminated by heating at 90°C for 10 min. The samples were subjected to centrifugation (Kubota centrifuge, Tokyo, Japan) at 12,000 rpm for 15 min to remove insoluble contents. The supernatant portion was collected, freeze dried (Hansil Science Industrial Co Ltd, South Korea) and stored at -20°C for subsequent analysis.
Degree of hydrolysis (DH)
The degree of hydrolysis (DH) of the casein hydrolysates samples at different time interval was analyzed by OPhthalaldehyde method (Nielsen et al. 2001 ) with a slight modification and calculated using the following equations:
.
where, Serine-NH 2 is meqv serine NH 2 g -1 protein; S is sample volume in litre; D is dilution volume; P is protein content in the volume of the sample; V is sample volume in assay.
where,
a, b and h tot constants for casein are 1.039, 0.383 and 8.2, respectively (Aldler-Nissen 1986).
Characterization of peptide profile of casein hydrolysate
The peptide profiling of the casein hydrolysates was carried out by size exclusion chromatography (AKTA purifier (GE Healthcare Biosciences, Hong Kong) mounted with a column HiLoad TM 16/60 Superdex TM 30 prep grade, 120 mL (16 9 600 mm, GE Healthcare bioscience, Uppsala, Sweden). 1 mL of the casein hydrolysate sample (10 mg/mL) was injected and isocratic elution was performed at a flow rate of 1.0 mL min -1 for 1.5 column volume using 100 mM ammonium bicarbonate buffer, pH 7.8 (Tauzin et al. 2003 ). An internal standards mixture of six components having cytochrome C (13,000 Da; Sigma cat no-C3131), aprotinin from bovine lung (6511.44 Da; Sigma cat no-A1153), insulin chain-b oxidized (3495.89 Da; Sigma cat no-I6383), angiotensin I human acetate (1296.48 Da; Sigma cat no-A9650), L-glutathione oxidized (612.63 Da; Sigma cat no-G4376), L-tryptophan methyl ester (254.71 Da; Sigma cat no-364517) was used to obtain a calibration curve. The calibration curve was plotted between K av and molecular weight (Y = -0.4544x ? 1.875; R 2 = 0.9016). K av for each component was calculated by Eq. (4). This calibration curve was used for calculating molecular weight distribution of peptides in the casein hydrolysate by interpolation of K av . The curve was fitted by linear regression using Graphing software (Graph Pad Prism 5.03; Graph Pad Software, San Diego, CA, USA).
where, K av is the partition coefficient, V e is the elution volume for sample, V o is void volume and V t is the total volume.
Free radical scavenging activity
The antioxidant activity was determined using ABTS ? {2, 2-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt} radical cation de colorization assay developed by Re et al. (1999) with some modifications described by Tachakittirungrod et al. (2007) . To create ABTS
•?
, 5 ml solution of ABTS (7 mM) was first allowed to react overnight with 88 lL of 140 mM potassium persulphate (final concentration of 2.45 mM)) in water and incubated at room temperature for 12-16 h in amber colour bottle. The ABTS
•? solution was diluted with phosphate buffer saline, pH 7.4 to an absorbance of 0.70 ± 0.02 at 750 nm and equilibrated at 30°C.180 lL of ABTS working solution and 20 lL of trolox solution (60-400 lM) were added in a well using 96 well micro plate. The initial absorbance was recorded at 750 nm for 10 min over 1 min interval after initial mixing against the appropriate solvent blank, using microplate reader (Model: Infinite F200 Pro, Tecan, Austria). The percentage of inhibition of absorbance at 750 nm was calculated using the following formula:
x: lM concentration of trolox The standard curve was prepared by plotting concentration (lM) of trolox (X-axis) v/s % inhibition (Y-axis). The samples were diluted such that 20 lL of each dilution in the assay produce inhibition between 20 and 80% of the blank absorbance. The results were expressed as lM trolox equivalent or lM trolox equivalence per mg of the peptide.
Preparation of freeze dried microcapsule
Maltodextrin (MD) and gum arabic (GA) were used as coating materials. The MD solution (16% w/w) was previously hydrated overnight, while GA solution (8% w/w) was prepared fresh before use. The prepared coating solution and the casein hydrolysates samples were mixed over magnetic stirrer to obtain total solid content of 30% by weight. Further the mixtures were subjected to ultrasonication at 750 W power, 40 kHz frequency, 12 mm diameter tip and with 50% pulse (Sonic, Vibra cell USA) for 20 min, while keeping the sample in ice bath. Finally the formulations were freeze dried (Hansil Science Industrial Co Ltd.). Effect of coating material on encapsulation efficiency (EE) was evaluated at 10:0, 8:2 and 6:4 MD/GA ratios on weight basis. Effect of pH (2-8) and different proportion of casein hydrolysate was assessed for EE.
Encapsulation efficiency
The protein content of encapsulated preparations (expressed as free protein content, FPC) was determined by dispersing them in distilled water at a concentration of 10 mg/ml, followed by centrifugation (4000 rpm/10 min) and measured in supernatant using Lowry et al. (1951) .The EE of encapsulated preparations was calculated according to following equation:
Where, EPC is encapsulated protein content and TPC is total protein content.
Surface morphology analysis
The morphology of microspheres was observed under a scanning electron microscope (SEM; carlzeiss EV018) at an acceleration voltage of 15 kV and the micrographs were recorded on ORWO 35 mm panchromatic film (Tomar and Prasad 1987) .
Particle size analysis
The samples of encapsulated preparations (P1, P2, P3) were suspended in distilled water (1 mg/mL), and the particle size distribution was monitored using particle size analyzer (Zetasizer Nano ZS, Malvern Instruments, UK). The particle size was expressed as mean diameter over the volume distribution.
Release mechanism of microencapsulated powder
The evaluation of protein release from microcapsules was carried out under simulated gastrointestinal (GI) conditions by suspending 3 g of encapsulated powder into 15 mL 0.1 M hydrochloric acid solution (pH 2) at 37°C for 2 h; followed by incubation at pH 7.5 (adjusted using 5 M NaOH) for 2 h. 0.5 mL aliquot was drawn at 30 min interval and assayed for protein content using the method of Lowry et al. (1951) . The total volume was maintained with buffer solution and the released protein was calculated based on corresponding value obtained after 4 h.
Bitterness evaluation
The bitterness of the samples was evaluated based on comparison with standard compound caffeine (1-5 mM) prepared in distilled water. Panellists were first trained for evaluation of bitterness using caffeine solution of different concentration for three sessions after which the samples were assessed. The panellists received 4 samples (HP, P1, P2 and P3) served at random in glass beaker (corresponding to 0.5% casein hydrolysate concentration) and rinsed their mouth with water between samples. The evaluation of samples was repeated three times and average value of the score recorded. The panellists were asked to assign the score value based on 100 percentage score of most bitter standard. The bitterness score of the sample was expressed isotonic to caffeine concentration, with the level corresponding to 1, 2, 3, 4 and 5 mM assigned score value as 20, 40, 60, 80 and 100%, respectively.
Statistical analysis
All the analysis was performed in triplicate and the results obtained were subjected to analysis of variance (ANOVA). Duncan's new multiple range test was performed to determine the significant difference between samples within the 95% confidence interval using Graph pad prism 6 software.
Results and discussion
Hydrolysis of sodium caseinate using papain
The effect of enzyme substrate (E/S) ratio and incubation period on DH and antioxidant activity of casein hydrolysate is presented in Table 1 . After 120 min a significant effect (p \ 0.05) of E/S ratio was observed on degree of hydrolysis with corresponding increase in antioxidant activity. However, after 240 min, no significant effect (p [ 0.05) of E/S ratio on DH was observed although a significant difference (p \ 0.05) on antioxidant activity occurred.
Peptide profile of the casein hydrolysate
The casein hydrolysate preparation (HP) obtained after 120 min hydrolysis at E/S ratio 4% was selected for further characterization for peptide profile by fractionating using size exclusion chromatography (SEC) over HiLoad TM 16/60 Superdex TM 30 prep grade column. Based on molecular peptide profile of casein hydrolysate (Fig. 1a) , majority of peptides (88.66%) corresponded to 1-3 kDa molecular size. It was observed that peak P-4 corresponding to 2.32 kDa represented maximum area of chromatogram (38.35%) while that of peak P-3 represented 25.8% area (2.87 kDa), and the P-5 fraction of molecular size 1.65 kDa represented 13.96% chromatogram area. On evaluating the antioxidant activity of different fractions (Fig. 1b) , using ABTS radical scavenging assay, the fraction corresponding to 1.65 kDa (Peak no P-5) showed maximum antioxidant activity. Van der Ven et al. (2002) reported that during hydrolysis, continuous formation and degradation of peptides depends on their molecular structure, which is primarily affected by hydrolysis conditions. Thus the greater proportion of short peptides (1-3 kDa), formed during hydrolysis of sodium caseinate with papain (E/S 4%) after 120 min might be responsible for their antioxidant activity. Earlier studies have also reported that the antioxidant activity of hydrolysate is dependent on the molecular weight (\3 kDa) (Moure et al. 2006; Kim et al. 2007; Li et al. 2008 ).The casein hydrolysate preparation (AO-CH) obtained after hydrolysis time of 120 min with 24.3% DH and antioxidant activity corresponding to 64,000 lM of trolox eq. was selected as core material for encapsulation.
Effect of wall material (maltodextrin-gum arabic) on microencapsulation of casein hydrolysate
The effect of different ratio of MD/GA at 1:20 core to coat ratio is shown in Fig. 2a . Based on free protein content, the EE was found to be maximum at 6:4 MD/GA ratio. Further, no significant difference (p [ 0.05) on EE was observed between MD/GA ratio of 8:2 and 6:4 (Fig. 2a) . Thus, the results indicated that the combination of MD with GA caused a decrease in the surface protein content and increased EE. Barbosa et al. (2005) reported higher stability of carotenoid bixin on encapsulation with GA than with MD. Our results were in agreement with Krishnan et al. (2005) which shows that the use of MD/ GA as coat material for encapsulation of cardamom oleoresin resulted in better EE which might be due to the film forming property and stabilizing effect of gum arabic (Alftren et al. 2012) .The improvement of EE at 8:2 ratio of MD/GA was the basis for its further evaluation for effect of pH and core to coat ratio on encapsulation of the casein hydrolysate.
Effect of pH on encapsulation efficiency
Effect of pH of wall material (MD/GA) on EE is presented in Fig. 2b . It was observed that the mixing of MD with GA (8:2) at 1:20 core to coat ratio have no effect on EE in the pH range 2-6. However, a significant decrease (p \ 0.05) in EE was observed at pH 8.0. It has been reported that the change in pH of GA affected its viscosity, being maximum at very acidic/ basic pH, while lower in pH 5-6, due to compact molecules (Anderson et al. 1990 ). Hence, the further evaluation of casein hydrolysate proportion on EE was conducted at pH 6.0.
Effect of casein hydrolysate proportion on encapsulation efficiency
The effect of variation in the proportion of casein hydrolysate on EE was analysed by preparing seven formulations with varying proportion of casein hydrolysate (5-50%) and assessed for their EE. The results depicted in Fig. 2c clearly show that the formulation with higher proportion of casein hydrolysate as core material (20-50%) had low EE. At core to coat ratio 1:5 (P1), 1:10 (P2) and 1:20 (P3), the EE corresponded to 65, 78.4 and 87.18%, respectively. Higher efficiency observed at 1:20 core to coat ratio might be due to the greater proportion of coating material. Previous studies have also shown high EE for collagen hydrolysate (Peres et al. 2011 ) and sour cherry pomace (Cliek 2012 ) using MD/GA as coat material. Characterization of encapsulated and non encapsulated casein hydrolysate
Surface morphology
The SEM micrographs highlighted the effects of freeze drying on surface morphology of the particles. It was observed that at 10009 (Fig. 3) , the surface morphology of freeze dried encapsulated casein hydrolysate was similar to that of coating material MD/GA but different from that of core material (casein hydrolysate). Further, the results indicate the addition of wall materials affect the structure of freeze dried product. It was observed that the preparation P3 with maximum EE, resulted in morphology resembling close to coat material (Fig. 3a) . Overall the particles resembled broken glass or flake-like structure.
Similar surface morphological properties have been reported for freeze dried powder (Anandharamakrishnan et al. 2010; Ezhilarasi et al. 2013 ).
Antioxidant activity
Antioxidant activity of the encapsulated samples was evaluated by measuring their radical scavenging activity using ABTS method. It was observed that core to coat ratio had a significant (p \ 0.05) effect on antioxidant activity (Fig. 4) . As compared to core material, reduction in antioxidant activity of encapsulated sample P1, P2 and P3 was observed corresponding to 85, 90 and 93%, respectively, which might be due to the difference in effective concentration of hydrolysate. The trend on changes in antioxidant activity following encapsulation was similar to that reported earlier for other bioactive components (Cliek 2012) .
Particle size analysis
The average particle size of casein hydrolysate and coating material MD/GA expressed as the volume mean diameter corresponded to 678 and 92.46 nm, respectively, while on encapsulation preparation P1, P2 and P3 resulted in particle size as 175.4, 90.62 and 86.27 nm, respectively (Fig. 4b) .
The results indicate that as the core to coat ratio increases, there is a decreases (4-7 times) in particle size as compared to core material. The ion-dipole and hydrogen bond interactions between gum arabic and maltodextrin might be responsible for the formation of small sized particle populations (Peres et al. 2011) . The encapsulated preparation (P1, P2 and P3) showed a single modal distribution (Fig. 5 ) which might be responsible for better stability of the core (Finotelli and Rocha-Leao 2005) . Bimodial distribution has been reported for encapsulated spray dried chicken meat hydrolysates using MD/GA (Kurozawa et al. 2009 ).
Release mechanism
Effect of time period on release of peptides from freeze dried encapsulated preparation at pH 2.0 and 7.5 is presented in Fig. 4c . The result shows high and instant release of casein hydrolysate at pH 2.0 after 120 min with maximum at 1:20 core to coat ratio (84%) while, at pH 7.5 nearly 100% release was observed after 240 min. The effect might be due to weak interaction between the core and coat material. Further the relatively high water solubility of coating material (MD/GA) on contact with water may destroy the structure of the particles. Erdinc and Neufeld (2011) also reported the release profile of protein microencapsulated within glycol-chitosan-alginate matrix by spray drying and showed 35% release of the initial protein content in the simulated stomach environment within 2 h and 100% release at pH 6.8.
Bitterness evaluation
The average score attributed by the panellists were 55, 37.5 and 17.5 for encapsulated preparation P1, P2 and P3 respectively (Fig. 4d) . Based on the score value, a significant differences (p \ 0.05) was observed among the encapsulated samples, with the P3 preparation being less bitter, as compared to preparations P1 and P2. The result demonstrates that the highest concentration of coating material MD/GA in the sample resulted in a lower perception of the bitter taste. Antioxidant peptides are hydrophobic in nature due to their amino acid composition and gives bitterness (Power et al. 2012) . The decrease in bitterness suggests that hydrophobic peptides of casein hydrolysate became less exposed in the presence of wall material. These results are in agreement with earlier reports Trindade et al.2010) for encapsulated casein hydrolysate with soy protein isolate/gelatine.
Conclusion
Encapsulation of the casein hydrolysate enriched in antioxidative peptides of molecular size 1-3 kDa was optimized with high loading capacity using MD/GA combination. The encapsulated preparation obtained with retention of antioxidative peptides together with masking of their bitter taste. The release mechanism of microcapsules indicated weaker interaction between casein hydrolysates and wall material. The prepared encapsulated preparation represents a promising food additive for incorporation into functional foods, due to the retention of their antioxidative activity.
